L ow intraoperative Bispectral Index (BIS) values have been associated with increased mortality in several studies, [1] [2] [3] [4] although this finding has not been confirmed universally. 5 Because few randomized trials of BIS-targeted anesthesia have been reported, it is unclear whether low BIS values are simply a marker of poor prognosis, or whether targeting anesthetic management based on BIS monitoring could reduce mortality.
Between 2005 and 2008, we randomized patients undergoing surgical repair of a hip fracture under spinal anesthesia to light sedation (BIS >80) vs deep sedation (BIS approximately 50). We reported results of this trial previously, 6 which demonstrated a 50% reduction in postoperative delirium in the light versus deep sedation group. Subsequent to this trial, conflicting evidence emerged that low intraoperative BIS values might be associated with increased long-term mortality. To address this question, we conducted a follow-up survival analysis of patients enrolled in the original trial, with the hypothesis that light sedation compared with deep sedation would reduce 1-year and long-term mortality, particularly among patients with serious comorbidity. We also hypothesized that the association between light sedation during spinal anesthesia and decreased mortality would be mediated by reduced delirium incidence.
METHODS
The Johns Hopkins IRB approved this study, and subjects provided written informed consent. The results of this study are based on a randomized trial (NCT00590707) to prevent postoperative delirium originally conducted between 2005 and 2008, with results reported previously, 6 including a full description of the methods. This study examines long-term survival among patients in the original trial.
Patients
In the original trial, 114 patients >65 years old admitted to the hip fracture service at Johns Hopkins Bayview Hospital underwent surgical repair under spinal anesthesia. Patients were randomized (by using block randomization with variably-sized blocks) to light intraoperative sedation (BIS >80, generally responsive to voice) or deep intraoperative sedation (BIS approximately 50, generally not arousable to deep stimulation), by using a propofol infusion or midazolam.
Outcome
The outcomes were 1-year mortality (primary outcome) and overall mortality (secondary outcome), in all patients and in patients with serious comorbidity. Patient status was determined from medical records, Social Security Death Index, National Death Index, and obituaries.
Statistical Analysis
Baseline characteristics were compared by using t tests for continuous variables, χ 2 tests for binary variables, and Mann-Whitney tests for ordinal variables. The Charlson Comorbidity index 7 is a validated comorbidity-based scoring system to predict mortality. We primarily defined patients with serious comorbidity as a Charlson score >4, which was the 25th percentile of scores and has been associated with increased Low intraoperative Bispectral Index (BIS) values may be associated with increased mortality. In a previously reported trial to prevent delirium, we randomized patients undergoing hip fracture repair under spinal anesthesia to light (BIS >80) or deep (BIS approximately 50) sedation. We analyzed survival of patients in the original trial. Among all patients, mortality was equivalent across sedation groups. However, among patients with serious comorbidities ( 8, 9 With the use of a validated conversion of cognitive scoring, 10 we also estimated the Nottingham Hip Fracture Score, which has been validated to predict mortality after hip fracture, 11 with a score >4 being associated with increased 1-year mortality. 12 Furthermore, for each scale, we used a cutoff of >6 (approximately the median value) to define patients with even more serious comorbidity and higher risk for mortality based on evidence that patients with higher comorbidity scores have higher mortality risk. 12, 13 We estimated survival functions by using the Kaplan-Meier estimator and hazard ratios with Cox proportional hazards models. Living independently was included as a covariate in all models because of postrandomization group differences. We tested the proportional hazards assumptions through visual inspection of log-log survival plots and by testing the significance of the interaction of time with randomization. We also explored a series of parametric survival models in the generalized γ family 14 and selected the best model by using likelihood ratio tests. Our sample has a power of 0.8 with an α of 0.05 to detect an overall hazard ratio of 0.58. The analysis was performed in accordance with intention-to-treat principles, and P values <0.05 were considered significant.
RESULTS
Demographic, comorbidity, and operative characteristics in patients with Charlson score >4 (Table 1 ) and in all patients (Tables 1 and 2 previously reported) 6 were generally similar between the light sedation and deep sedation groups, although patients in the light sedation group received less propofol (P <0.001) and were more likely to live independently (P =0.02). Duration of hypotension was similar between the 2 groups (P =0.76). Mean follow-up time to death or censoring was 2.7 years with a range of 3 days to 5.8 years. There were 28 deaths at 1 year and 51 deaths overall. In patients with Charlson score >4, there were 27 deaths at 1 year and 46 deaths overall.
After 1 year of follow up in all patients, mortality did not differ between patients in the light sedation group (19.3%) and those in the deep sedation group (29.8%; hazard ratio [HR], 0.61; 95% confidence interval [CI], 0.28-1.33; P=0.21. Fig. 1A and Table 2 ). However, among the subset of patients with Charlson score >4, 1-year mortality was reduced in the light sedation group (22.2%) compared with deep sedation group (43.6%; HR, 0.43; 95% CI, 0.19-0.97; P = 0.04. Fig. 1C and Table 2) Hypotension was defined as intraoperative systolic blood pressure decrease greater than 30% from preoperative values and/or systolic blood pressure <90 mm·Hg. Table 2 , the beneficial effect of light sedation on mortality was magnified in patients with higher comorbidity scores (Charlson or Nottingham score >6), as reflected by even greater decrease in mortality and longer time to death after light compared with deep sedation during spinal anesthesia. Focusing on survival beyond 1 year, assumptions of proportionality in the Cox model were not fully supported for all groups of patients, so parametric models were used. In overall survival in all patients, no difference in time to death was observed between the light and deep sedation groups (Fig. 1B) . As shown in Table 2 and Figure 1D , there was a trend toward increased time to death in the light sedation group compared with the deep sedation group for patients with Charlson score >4 (RT, 2.97; 95% CI, 0.94-9.35; P = 0.06) or Nottingham score >4 (RT, 2.69; 95% CI, 0.93-7.77; P = 0.07). Among patients with increased comorbidity (Charlson score >6 or Nottingham score >6), the beneficial effect of light sedation on survival during spinal anesthesia was more pronounced, and time to death was significantly increased in the light compared with deep sedation group (Table 2) .
To assess whether postoperative delirium was a mediator between depth of sedation and mortality, we adjusted for delirium and found that the estimated hazard ratio of 1-year mortality for patients with light compared with deep sedation did not change, indicating that delirium was unlikely to be a mediator. In addition, we found no significant interaction between depth of sedation and delirium in determining mortality at 1 year (P = 0.34) or in overall follow-up (P = 0.37).
DISCUSSION
We present survival data of patients enrolled in a previously reported trial. We demonstrate that among patients with high comorbidity scores, patients originally randomized to light sedation during spinal anesthesia had reduced 1-year mortality compared with those patients randomized to deep The relative time to death was calculated by using parametric models in which the failure times followed a log-normal distribution. c Cox proportional hazards assumption of constant proportional hazards over time were not fully supported for overall follow-up in all models; therefore, a hazard ratio by using the Cox model is not presented. sedation. Although light sedation was previously shown to reduce postoperative delirium in these patients, our results do not demonstrate a clear role for delirium as a mediator between depth of sedation and mortality. Previous studies examining the association between low intraoperative BIS values and mortality have been criticized for being observational 1,2 so that low BIS values might have simply identified vulnerable patients. In this study, randomization to distinct BIS targets addressed this limitation, and our results support the hypothesis that light sedation may reduce mortality. In contrast to previous studies that included multiple noncardiac 1,2,5 and cardiac operations, 3, 4 this study population is unique because only hip fracture surgeries planned for spinal anesthesia were included. Mortality at 1-year substantially exceeded that reported in previous BIS-related trials, 1-3 so these results may not be generalizable to less severely ill patients. Our study was limited because of small sample size, lack of knowledge of cause of death, post hoc analysis, and limitation to a specific surgery. In conclusion, light sedation during repair of hip fracture under spinal anesthesia may reduce mortality in patients with high comorbidity scores. E
